Objective. RA is associated with an increased risk of cardiovascular events (CVEs). The objective was to estimate independent effects of RA autoantibodies on the incident CVEs in patients with early RA.
Introduction
RA is associated with a > 50% increase in cardiovascular morbidity and mortality compared with the general population [1, 2] . It is unclear at which point during the course of disease the risk of cardiovascular disease (CVD) increases [35] . Rate differences in cardiovascular events (CVEs) have been reported to occur after a disease duration of 2 years [3] ; however, the increased plaque burden seen in RA patients may occur sooner [6, 7] .
The cause of accelerated atherosclerosis in RA is unknown, but can be partially attributed to a higher prevalence of traditional risk factors for CVD, including smoking, hypertension, diabetes mellitus and obesity [8] . Chronic inflammation and RA disease-specific factors have also been associated with an increased risk of CVD [912] . RA is characterized by the production of autoantibodies, RF and ACPA, which coexist in the majority of patients. These autoantibodies are associated with more severe disease and worse outcomes [13] . Evidence from animal models suggests that ACPA is pathogenic [1416] . ACPA targets citrullinated peptides/ proteins, which have been identified in the plaque of patients with CVD [17] and is strongly associated with cigarette smoking, a major risk factor for CVD [18] . Several studies have reported higher rates of CVD mortality and/or events in seropositive patients [11, 12, 1926] . However, many of these studies included RA patients with very long-standing disease, with onset prior to the current treatment paradigms. In the era of aggressive early management with synthetic and biologic DMARDs, it is unclear whether the incidence of CVE remains high in RA early in the disease course and whether antibodies increase the rate. There is a lack of early RA studies examining the association of RF and ACPA with CVEs that also take into account the effects of other RA clinical variables and traditional CVD risk factors [11, 12] . The aims of this study were to estimate the incidence of CVEs in early RA and determine whether RF or ACPA is independently associated with incident CVEs in a large prospective inception cohort of patients with early inflammatory arthritis.
Methods

Study population
Study subjects were enrolled in the Canadian Early Arthritis Cohort (CATCH), a multicentre inception cohort of subjects with ongoing follow-up of early RA or undifferentiated inflammatory arthritis [27] . Study subjects for this article were enrolled between July 2003 and November 2014. Inclusion criteria for CATCH are as follows: age >18 years, persistent synovitis for 6 weeks12 months and two or more swollen joints or one swollen MCP or proximal IP joint with one or more of the following: positive RF, positive anti-CCP2, morning stiffness >45 min, response to NSAIDs or painful MTP squeeze test. Subjects are excluded or withdrawn from the study if they are diagnosed by the treating rheumatologist with another rheumatologic condition other than undifferentiated inflammatory arthritis or RA; >90% of enrolled subjects met the 1987 ACR or 2010 ACR/EULAR criteria for RA over the course of the study. Enrolled subjects are followed by a rheumatologist using a standard protocol every 3 months for the first year, at 18 months and then yearly. Treatment is based on physician discretion. The study was approved by the Health Sciences Research Ethics Board of the University of Western Ontario and written informed consent was obtained according to the Declaration of Helsinki.
RA-associated antibody assays RF was reported by physicians based on testing performed either at their site or in outpatient commercial laboratories. The different types of RF tests performed at these laboratories were not reported but cut-off values were indicated. For anti-CCP2, two different commercial assays were used (Euroimmune, Lü beck, Germany; and Inova Diagnostics, San Diego, CA, USA). Subjects were considered seropositive if they were positive for either RF or anti-CCP2 at any time during the course of follow-up. Seronegative patients were defined as never being positive for RF or anti-CCP2 at any time during the course of follow-up. Autoantibody status was not available for 155 (6%) subjects and these subjects were analysed separately.
Study variables and outcomes
Demographic information, including age, sex, income and education (self-reported from a questionnaire) were collected at baseline. Symptom duration was defined as the time in months from the patient-reported initiation of persistent arthritic symptoms until CATCH enrolment. Other baseline variables were collected by the study staff. Disease activity was determined using the 28-joint DAS (DAS28); moderate to severe disease activity was defined as a DAS28 score >3.2. Physical function was evaluated using the HAQ Disability Index; moderate to severe functional impairment was defined as an HAQ score 51. Inflammatory markers included ESR and CRP. Erosions were determined using plain radiographs of the hands and feet. Erosive disease (binary outcome) was defined as the presence of any erosion. Rheumatologic medications were recorded by the physician assessor at each visit. There were <15% missing data for all variables www.rheumatology.oxfordjournals.org except income, BMI and radiographic data, which were missing in 33, 53 and 21% of subjects, respectively (Table 1) . Complete case analyses were performed.
Information on prevalent (at baseline) and incident physician-diagnosed CVEs was ascertained by patient self-report. More specifically, patients were instructed to indicate if they had ever received a diagnosis by a physician for the following: angina, heart attack, stroke or ministroke. Physician-diagnosed diabetes, hypertension and hyperlipidaemia were similarly obtained by patient reports. Cigarette smoking status was categorized as current, past or never smoker. Height and weight were measured by site staff and used to calculate BMI as follows: weight (kg)/height (m 2 ). BMI was measured at each visit by the study staff. Follow-up questionnaires ask that the subject specify any new diagnoses, hospitalizations and reasons for hospitalizations, as well as the dates associated with these events. Reporting of cardiovascular risk factors and events was validated using a sample of 141 subjects. Agreement between self-reported CVEs and the medical record was good (k = 0.66).
Statistical analyses
Continuous variables were reported as means (S.D.) and values for the three antibody groups (seropositive, seronegative and antibody status unknown) were compared using analysis of variance (ANOVA) with Bonferroni correction for multiple comparisons. Categorical data were compared using the Fisher's exact test. Differences in values for the three groups were considered significant if P < 0.01. (45) 377 (43) 715 (43) 53 (39) 0.0025 Current 469 (18) 106 (14) 321 (19) 31 (23) Past 982 (38) 283 (37) 626 (38) 52 (38) Diabetes, n (%) 2564 206 (8) 75 (10) 126 (8) 5 (4) 0.0279 Hypertension, n (%) 2564 686 (27) 219 (29) 436 (26) 31 (23) 0.2677 Dyslipidaemia, n (%) 2564 417 (16) 130 (17) 264 (16) 23 (17) Incident CVEs were reported as an incidence rate (IR) with 95% confidence intervals (CIs) per 1000 personyears at risk. The log-rank test was used to determine significance of differences in survivor functions by antibody groups and results were shown using KaplanMeier survival curves. Cox proportional hazards regression models were performed to determine the risk of CVEs associated with CVD risk factors and RA-associated factors: unadjusted, adjusted for age and sex and multivariable adjustment. The following baseline variables were selected a priori to test for multivariable model fit based on score criterion using the Akaike's information criterion: sex, age, income category, smoking history, antibody status, symptom duration, presence of erosions, more than moderate disease activity by DAS28 score, more than moderate functional impairment by HAQ score, CRP level, BMI, diagnosis of hypertension, diabetes, dyslipidaemia and treatment with DMARDs, corticosteroids, naproxen or other NSAIDs. Variables were selected for the model to maximize the score statistic, accounting for the penalty for model complexity with each additional variable included. Using Martingale residuals, the proportional hazards assumption was met for all the models. For all the survival analyses, P < 0.05 was considered significant. All statistical analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC, USA).
Results
Patient characteristics
A total of 2626 subjects were enrolled in CATCH at the time of data analysis: 1686 (64%) were seropositive, 785 (30%) were seronegative and for 155 (6%) the antibody status was unknown. Baseline characteristics of the study population are shown in Table 1 . The majority of patients (86%) met classification criteria for RA. The mean age of the study population was 53 years (S.D. 15) and 72% were female. The duration of symptoms prior to enrolment was 6.3 months (S.D. 4.6) and they had moderate disease activity with a DAS28 score of 4.9 (S.D. 1.5). A significant proportion of subjects (23%) had erosive disease at baseline. The majority of patients were taking a DMARD at baseline (82%) (either started prior to enrolment or at the first CATCH visit). Corticosteroid use was frequent (49%) and 28% were also taking an NSAID. Seropositive compared with seronegative subjects were younger, had higher ESR levels, were more likely to be female, met RA classification criteria, were current smokers and were treated with DMARDs (P < 0.01). Subjects with unknown antibody status were similar to seronegative subjects except they were more likely to be current smokers and had longer symptom duration (P < 0.01).
Cardiovascular risk factors and events at baseline
Cardiovascular risk factors at baseline were common (Table 1) , with the most prevalent being a history of cigarette smoking (44% were current or past smokers). Hypertension was reported in 713 (27%), dyslipidaemia in 432 (16%) and diabetes in 213 (8%). The average BMI of 28.0 (S.D. 6.1) was in the overweight category and 31% were obese. Prior CVEs were reported in 222 (8%) subjects. There was no statistically significant difference in baseline CV risk factors or prior CV events between seropositive and seronegative subjects.
Incident CVEs
The median time to incident CVE was 1.99 years (range 0.510). Of the 46 incident CVEs, the majority were acute coronary syndromes (n = 38) and the remainder were cerebrovascular events (n = 8). CVE IRs per 1000 person-years were similar across antibody groups: 7.7 (95% CI 4.3, 13.9) for seronegative subjects, 7.1 (95% CI 5.1, 10.0) for seropositive subjects and 7.7 (95% CI 1.1, 54.6) for subjects with missing antibody status (Fig. 1) . Of the 1694 (65%) subjects with both RF and anti-CCP2 measured, 705 (42%) were positive for both, 244 (14%) for RF alone and 185 (11%) for ACPA alone. There was no difference in incident CVEs for the above antibody groups (data not shown); in RF-negative subjects, ACPA was not significantly associated with CVE [hazard ratio (HR) 0.79 (95% CI 0.23, 2.85)]. There was also no difference in the CVE IR for coronary vs cerebrovascular events (data not shown). Results were unchanged in sensitivity analyses stratified by age >65 years and by sex (data not shown). Adjusting for age and sex as well as other covariates did not significantly change the effect of antibody status on incident CVEs (Tables 2  and 3) . (Table 2) .
By multivariable Cox proportional hazards modelling (Table 3) , increasing age, RA symptom duration and a history of hypertension were independently associated with an increased rate of incident CVEs. Hypertension, dyslipidaemia, diabetes and the use of non-naproxen NSAIDs were highly associated with each other www.rheumatology.oxfordjournals.org (P < 0.0001). No significant effect modification was detected for the variables in the regression model (data not shown).
Discussion
In this study we investigated the relationship between RAassociated autoantibodies and incident CVEs in the CATCH cohort. The CATCH cohort is a large early RA inception cohort with moderately severe disease and early initiation of DMARDs (>80% treated at a mean symptom duration of 6 months). In this population with a mean follow-up time of <4 years, we found that the incidence of CVEs was 7.1 (95% CI 5.3, 9.4) per 1000 person-years and not significantly different for RF-or ACPA-positive subjects (seropositive) compared with antibody-negative subjects (seronegative).
The role of RA-associated autoantibodies in CVD remains unclear. ACPA is associated with cigarette smoking, a major risk factor for CVD and in our cohort, both RFand ACPA-positive patients were more likely to be current smokers [18] . ACPA and RF are also poor prognostic markers, associated with erosive joint disease and extra-articular manifestations [13] . Therefore, seropositive patients may have a higher inflammatory burden, which can contribute to accelerated atherosclerosis [912, 28] . Because RF and ACPA frequently coexist, it is difficult to determine whether one or both of these antibodies contribute to CVD risk. In a recent study combining multiple cohorts of early RA with long-term follow-up, ACPA but not RF was associated with CV mortality adjusted for age, sex and smoking status [26] . During the observation period for our study, early in the course of disease, RF or ACPA alone or in combination was not independently associated with an increased rate of CVEs. Other studies have shown an association between RF and/or ACPA with CVEs and mortality [11, 12, 1926] . Most of these studies were of established disease with long follow-up times and/or did not account for potential confounders [1924] . Some of these studies only included hospital-based RA populations with more severe disease than our population of community and outpatient hospital practices [21, 22] . The Better Anti-Rheumatic FarmacOTherapy project (BARFOT) study, with a study population similar to CATCH, showed an association of ACPA and RF with CVE only in RA patients <65 years of age [15] ; however, we did not find that stratifying by age changed our results. We had shorter follow-up with fewer events, which may account for the difference. Our findings are consistent with those from Innala et al. [12] that reported no significant association of antibody-status with CVEs in the first 5 years from RA onset.
Also consistent with prior studies is the high prevalence of traditional risk factors for CVD [8, 28] . Despite being common in the CATCH cohort, smoking and obesity were not significant predictors of CVEs. The association between traditional CVD risk factors and CVEs does not appear as strong in RA compared with healthy controls [29] . It has also been shown that higher BMI may be
FIG. 1 Incident CVEs in the Canadian Early Inflammatory Arthritis Cohort
KaplanMeier survival curves for the comparison of incident cardiac event rates between seropositive patients (solid line) and seronegative patients (dotted line).
protective for CVEs in RA, with the highest CVD risk occurring in patients who were underweight [30] . This trend was not observed in the CATCH cohort (data not shown) nor in another inception cohort from Sweden [12] . We found hypertension to be the strongest predictor of CVEs (HR >2.71), which is consistent with findings from other studies [8] .
The contribution of dyslipidaemia to CVD risk in RA has been contradictory in the literature. The lipid paradox seen in RA (higher total cholesterol levels associated with fewer CVEs) complicates the diagnosis of dyslipidaemia [31] .
An abnormal atherogenic index [total cholesterol:highdensity lipoprotein (HDL) cholesterol ratio] may be a better predictor of CVE given that in the presence of inflammation, HDL levels decrease more profoundly than total cholesterol [28, 3235] . Depending on the definition of dyslipidaemia used by the various studies, the association between dyslipidaemia and CVEs could vary. In CATCH, dyslipidaemia at baseline was reported by the treating rheumatologist and could be based on either a history of elevated low-density lipoprotein cholesterol or atherogenic index and/or treatment with a lipid-lowering agent. Consistent with a prior study of early RA, we found a significant association between dyslipidaemia and CVEs when accounting for age and sex. However, the association was not independent of other traditional CVD risk factors. Low SES increases CVD risk, but is infrequently studied in RA. We did not find any significant association with SES. In CATCH, low SES was found to be associated with worse disease activity only in the first year after diagnosis, which may partly explain this finding [36] .
CVEs and mortality for both RA patients and the general population have been declining in recent decades; however, the rate of this decline is the same for RA patients compared with the general population, resulting in the continued higher CVD risk for patients with RA [3739] . The rate of CVEs in our study is similar to what has been reported in the general population for the same age group [40] . Preliminary data from large administrative databases have also reported similar CVE rates for RA Table 2 were tested to determine the best model fit; variables were selected based on score criterion using the Akaike's information criterion.
www.rheumatology.oxfordjournals.org patients compared with age-and sex-matched controls in the last two decades [41, 42] . The decline in CVD in RA may be attributable to better disease control. In CATCH, subjects were started early on DMARDs, mostly MTX, which has been shown to decrease CVEs [43] . In addition, the introduction of biologic DMARDs may also be contributing to the decline in the risk of CVD [44, 45] . We found that delays in the diagnosis of inflammatory arthritis were independently associated with CVEs. These delays were within 1 year of symptom onset as per the inclusion criteria of the CATCH cohort. Delays >1 year may have a more significant impact on CVEs. This supports the importance of early treatment initiation with DMARDs in preventing CVEs. Better RA disease control allows for the decreased use of corticosteroids and NSAIDs, medications known to increase CVD risk [43] . Our study aligned with a recent meta-analysis showing that NSAIDs other than naproxen increase the risk of CVEs [43] ; limiting the use of NSAIDs for RA is recommended [4648] , and if NSAIDs are required, it may be preferable to use naproxen. Corticosteroids, which are also known to be associated with CVD [43] , did not increase the rate of new CVEs in our study. We only investigated medications taken by patients at enrolment; it is possible that the duration of NSAID treatment prior to study enrolment was longer than that for corticosteroids, given that NSAIDs are available over the counter.
The timing of the increased risk for CVD relative to RA disease onset is unclear. It may continue to increase over time or it may be highest in the first 7 years after diagnosis and then decline [37, 49] . Nevertheless, numerous studies using various imaging modalities have shown an increased atherosclerotic burden in RA patients with <1 year disease duration [5, 6] . Measures of atherosclerosis, such as ultrasound Doppler for carotid intima-media thickness, CT for coronary calcium, modalities to assess endothelial dysfunction or serum surrogate markers were not available in CATCH. The lower rates of CVEs reported here may not reflect atherosclerotic burden and longer follow-up may be necessary to determine the long-term impact of RA on CVD, particularly in those patients with delayed diagnosis.
The strengths of this study are that it is a large, multicentre inception cohort, including patients from both community and hospital-based rheumatology practices. The subjects enrolled have early disease with 6 months duration of symptoms and the majority were treated with DMARDs. Details of co-morbidities at baseline, including CVD risk factors and pre-existing CVEs, as well as medications were systematically collected, allowing for the ability to account for multiple possible confounders. New CVEs were collected prospectively and, although self-reported, were validated by chart review (L.J.B., unpublished results).
Limitations include missing data for autoantibodies and erosive disease, which reflects the current practice in some centres in Canada where access to ACPA testing is not uniformly available and X-rays are not routinely performed. The population enrolled in this study consists mostly of Caucasian subjects with high rates of obesity; our findings may not be generalizable to other populations with different racial groups or exposures, including diet related to geographic location. This study focused on CVEs early in the disease course and therefore follow-up times are relatively short (<4 years) with a small number of events. The findings may not be generalizable to patients with longer disease duration. Time-varying factors (disease and functional scores, inflammatory markers, hypertension, lipid levels and treatments) were not tested as potential predictors of incident CVEs; future work will involve investigating the effect of these variables over the course of disease on new CVEs.
Conclusions
The rate of incident CVEs early in the course of RA is low and not significantly higher in seropositive patients. It appears that early treatment with DMARDs contributes to the low rates of CVEs given that delays in diagnosis were significantly and independently associated with an increased rate of events. With longer follow-up of this inception cohort, the rates of CVEs may increase. In addition, the contribution of RA disease factors to CVD risk may change over the course of the disease. Traditional CV risk factors were significantly associated with an increased rate of incident CVEs. These risk factors are modifiable, but have been shown to be poorly managed in RA [50] . Our results suggest that better management of blood pressure and lipid control may lower the risk for CVEs in RA.
